Bier introduced his intravenous technique of local anaesthesia to facilitate palliative surgery on the elbow or knee. He cannulated a suitably large vein in the vicinity of the joint to inject procaine after first isolating the operating site with a proximal and a distal tourniquet. This extra containment of the local anaesthetic solution made it feasible to flush out any unfixed drug with saline before release of the main tourniquet, an advantage which has been lost in the currently fashionable technique of intravenous regional anaesthesia (lVRA) involving a single tourniquet above the elbow or knee and a fine butterfly needle in a vein on the dorsum of the hand or foot. A modern version of Bier's original method is described, conveniently called an intercuff block (ICB), which reintroduces the possibility of effective flushing, offers better operating conditions and engenders new ideas for further study.
Introduction
Though popularly known as a Bier's block, the currently familiar technique of intravenous regional anaesthesia (IVRA) first advocated by Holmes in 1963 1 is basically different from the original method introduced by Bier in 1908 2 • Bier (1861-1949) used the rubber bandages invented by his former teacher von Esmarch to exsanguinate the limb and to form two tourniquets, one above and one below the elbow or the knee. The purpose of his block was to facilitate palliative surgery on the elbow or knee, consequently Bier needed to anaesthetize the segment of limb between the tourniquets.
Bier had the good fortune to have at his disposal the first safe injectable local anaesthetic, procaine (synthesized by Einhorn in 1904), nevertheless it was with innovative flair that he hit upon the idea of delivering the procaine directly to the core of the major nerves in the region of the elbow or knee through the vasa nervorum. In this way the drug would not have to penetrate the thick connective tissue surrounding the nerves before producing its effect. Bier felt that he did not have the technical resources to cannulate peripheral arteries safely, hence he had to settle for the venous approach to the vasa nervorum.
Bier designed a special wide bore cannula with a proximal stop-cock, the whole being attached to a 100 ml syringe by a tough flexible hose". He had to perform a cut-down, after local infiltration with procaine, to expose a sufficiently large vein in the region of the elbow or knee isolated between the two tourniquets. The cannula came in three diameters: 1.5 mm for children; 1.75 mm for general use; and 2.0 mm for larger vessels such as varicose saphenous veins. Two circumferential grooves near the distal end of the cannula enabled him to secure it in place with a constricting ligature around the vein. All of the equipment could be sterilized by boiling.
Bier dissolved procaine crystals in physiological saline to make a 0.5% solution and he used 50-80 ml in the elbow region and 100 ml in the knee region. As an added refinement Bier mentioned that he favoured warming the solution to body heat before use, because he had observed that veins are sensitive to cold. His wish to spare his patients even such minor discomfort is surely a revealing measure of his caring and gentle nature.
Bier tried eliminating the distal tourniquet and injecting procaine solution into veins just proximal to the wrist or ankle (much as in the modern technique of IVRA) but he was not enthusiastic because of the difficulties he experienced cannulating these smaller peripheral veins. Bier noted that whilst rapid anaesthesia developed in the area between the tourniquets (where the tissues were in direct contact with the procaine solution), the extremity beyond the distal tourniquet also became anaesthetic after a delay of several minutes because the nerve trunks were blocked by the procaine to which they were exposed in the inter-tourniquet zone. Hence he referred to direct anaesthesia between the two tourniquets and indirect anaesthesia in the extremity. Bier realized that surgery could be performed in the extremity under this indirect anaesthesia but he was more interested in the prime purpose of his block which was to provide anaesthesia for surgery on the elbow and knee joints.
Intercuff block
The main objective of this paper is to show how closer adherence to Bier's original method using modern materials can have distinct clinical advantages in some situations compared with the current IVRA technique. For convenience the modern version of the authentic Bier block will be referred to as an intercuff block (ICB). Since its main use is in the upper limb, only this application will be described in detail but the method can be especially useful in amputation of the lower limb in selected poor risk cases where other forms of anaesthesia are hazardous.
Practical aspects of intercuff block
The intercuff method makes it feasible to perform a number of useful manoeuvres, many of which had already occurred to the resourceful Bier. The precise steps of the intercuff method will depend upon whether the planned surgery is to be performed between the two cuffs in the region of direct local anaesthesia or in the region of the extremity affected by indirect local anaesthesia. The following detailed account particularly refers to the use of ICB in hand surgery carried out in the zone of the indirect local anaesthesia because it most fully illustrates the possibilities of the technique.
The patient is placed directly on the operating table in the theatre to avoid displacement of equipment as may happen on transfer from a trolley. An intravenous drip is set up in a free limb and the patient is monitored with an electrocardiograph and pulse oximeter. The cuffs are arranged ( Figure 1 ) over a thin layer of soft material such as Velband. A double-cuffed proximal tourniquet allowing sequential inflation on to anaesthetized skin may help minimize discomfort for the patient at a later stage. A slightly narrower cuff is used for the distal tourniquet. A disposable flexible plastic cannula (such as the 16 or 14 gauge Wallace 2-Y cannula) is inserted into a large antecubital vein after raising a skin bleb with local anaesthetic or after having applied lignocaine-prilocaine (EMLA) cream under a waterproof dressing to the area about 90 min earlier. The distal segment is exsanguinated with a rubber bandage if the limb is not painful; otherwise the arm is drained of blood by raising it above heart level. The distal cuff is inflated 100 mmHg above the patient's maximum systolic blood pressure. If feasible the rubber bandage is continued up to and over the proximal cuff after protecting the cannula with padding. The more proximal of the cuffs on the upper arm is inflated to at least 150 mmHg above the systolic pressure. An attempt is made to aspirate blood through the cannula but usually very little is obtained. The venous system of the isolated intercuff segment is flushed with 10 ml of physiological saline and the process repeated until the effluent is clear. This removes any plasma which could bind the local anaesthetic but it is perhaps hardly necessary. All injected solutions should be preservative free and may be beneficially warmed to just below blood heat to save the patient discomfort on injection into the empty veins as advocated by Bier.
The local anaesthetic of choice is prilocaine though lignocaine is a suitable alternative. A decision must be made whether to use the chosen local anaesthetic drug in a low volume of strong solution or a high volume of weak solution. For example 20 ml of the special preservative-free 2% prilocaine solution (available in the United Kingdom since the early part of 1989) will give a rapid onset of effect and the low volume will cause a minimal pressure rise in the antecubital veins so that there is less likelihood of a leak of solution past the proximal cuff. Whereas 40 ml of 1% prilocaine or a similar volume of 0.5% prilocaine may at first seem safer than the smaller volume of Figure 1 . The disposition ofthe tourniquets and plastic two. way cannula for intercuff block (lCB) in the arm strong solution, the higher venous pressure resulting from the larger volume of solution will provide a greater challenge to the integrity of the proximal cuff. As the local anaesthetic will be aspirated and then flushed out at the end with saline, the concentration, the total dose and the timing of increments of drug are relatively unimportant. The only potential problem arises from the risk of tourniquet failure, an inescapable feature of all IVRA techniques. A possible objection to the intercuffmethod is that the injection is made near the tourniquet and any rapid local rise in intravenous pressure may defeat the cuff. In the currently popular method of IVRA the injection is made into the dorsum of the hand some distance from the cuff which is normally placed on the upper arm and there is less of a hydraulic challenge to the tourniquet. The potential problem resulting from injection near the proximal cuff in the ICB technique can be minimized by slow injection of the local anaesthetic solution.
After the prilocaine solution has been injected, the direct local anaesthesia will quickly become evident in the intercuff segment. Ifa double cuff has been used as shown in Figure 1 , the more distal of the two cuffs (lying over the anaesthetized area) is inflated and the proximal one is deflated after careful checking. There is much to be said for simply using a single cuff on the upper arm as there is a risk of accidental release of the local anaesthetic solution into the general circulation if an error is made during the interchange of cuff inflation. In any case it is debatable whether sequential cuff inflation saves the patient much discomfort; and the extra width of the double cuff can be a hindrance. Indirect (conduction) anaesthesia in the segment beyond the intercuff segment will develop in about 5-10 min, depending mainly upon the strength of the prilocaine used.
Towards the end of the operation the contents of the veins in the intercuff segment are aspirated and serial flushing with physiological saline may be used to eliminate as much unfixed prilocaine as possible. This effectively eliminates the most unpredictable feature IVRA -the unknown effect of the unknown amount of unfixed local anaesthetic which is dumped into the general circulation upon release of the tourniquet. At the end of surgery the distal tourniquet is released first which provides another safety feature by initially exposing any unfixed local anaesthetic agent remaining in the intercuff veins to the diluting and binding effects of the plasma dregs in the veins of the extremity ('safety shunt'). Moreover, it is possible that the tissues of the extremity previously unexposed to the local anaesthetic will also help to mop up any unfixed drug. After allowing a few minutes for these beneficial processes to take place, the proximal tourniquet is released in one manoeuvre. As an extra safety precaution, the patient may be given oxygen to breathe for 5 min or so before the release of the tourniquet.
A particular advantage of operating in the zone of the indirect anaesthesia of ICB is that the extra tourniquet ensures a drier operating field by interrupting the intramedullary seepage of blood through the bone" that can defeat the usual tourniquet arrangement (Figure 2) . Moreover, the operation site is not swollen and there is no venous ooze of local anaesthetic solution into the wound. Finally, there is no loss oflocal anaesthetic solution from incised vessels, no bursting of capillaries by Table 1 . Prilocaine levels in the fluid aspirated from the isolated veins in the antecubital fossa before tourniquet release
Comment
Since any unfixed drug can be effectively flushed out at the end of surgery in the ICB technique, the usual Figure 2 . The distal tourniquet traps the intramedullary leak ofblood which has escaped past the proximal tourniquet and also confines the local anaesthetic solution hence the operation site in the extremity is exceptionally dry during open surgery precaution of not releasing the tourniquet within 30 min of the injection of a dose of the local anaesthetic is less important, consequently it is possible to give an increment of local anaesthetic without much hesitation if it is required towards the end of surgery. Moreover, the tourniquet can be released once and for all without the need for reinflations at intervals to test the patient's reactions to the unknown quantity of unfixed local anaesthetic agent. This is a bonus because reinflations of the tourniquet can add to the engorgement of the extremity and adversely affect the operation site.
The next report illustrates the advantages of ICB for surgery on the elbow within the zone ofdirect local anaesthesia.
Case report
A woman aged 42 with a history of severe cardiac disease, bronchiectasis and asthma was admitted for excision of the head of the radius and the removal of loose bodies in the elbow joint. She had no discernible patent veins in the antecubital fossahaving had long lines introducedon several occasions in the past to give her antibiotics during the episodic exacerbation of her chest problems. Fortunately a collateral vein had opened up on the medial aspect of the elbow, large enough to take a 16 gauge flexible plastic cannula. The block procedure was then conducted as described previously (with full monitoring), using 20 ml of 2% prilocaine solution. Profound anaesthesia with muscle relaxation was evident within three minutes and surgery was completed uneventfully within 45 min. Before the surgeon closed the soft tissue layers, saline was flushed in through the cannula. This flushed out any unfixed prilocaine into the wound and served the useful extra purpose of identifying potential bleeding points before release of the main tourniquet. The distal tourniquet was released first and then the proximal one after 3 min which allowed the operation of the 'safety shunt'; and the patient suffered no adverse symptoms or signs. On a scale of 10, pain was reported as 1 at 10 min and 2 at 45 min following release of the proximal tourniquet.
Discussion
Bier emphasized that the extra (distal) tourniquet was important because it facilitated the flushing of unfixed procaine from the treated segment of the limb before this was restored to the general circulation. He carried out this useful safety precaution in one of two ways: if the cannulated vein had been preserved during the operation, he was able to use large volumes of warmed saline to flush out the inter-tourniquet area; otherwise he had to rely upon releasing the proximal tourniquet briefly to allow the ingress of arterial blood to flush out the veins. He made the interesting point that either method offered an opportunity for the surgeon to identify bleeding points before final closure of the wound. My clinical experience with ICB over a period of 11 years has confirmed the utility of being able to flush out the unfixed local anaesthetic before tourniquet release as advocated by Bier. Moreover, I have been
Comment
The general clinical impression has been gained that analgesia after ICB with a high concentration oflocal anaesthetic agent is less fugitive when the tourniquet is released compared with the current lYRA technique. This is a most useful feature which requires further investigation. On the whole my preference is now for the routine use of low volume high concentration doses of local anaesthetic agent. A powerfully built labourer aged 51 had fractured his wrist whilst inebriated. He had a long history ofalcoholabuse and was taking a variety ofpotent drugs including prednisolone for severe asthma. The wrist fracture was reduced with the aid of leBo A few days later, the patient required open surgery to reduce the lunate bone, the dislocation of which had progressively caused severe median nerve compression at the wrist. On this occasion the opportunity was taken to measure prilocaine levels in specimens taken from the intercuff segment to assess the effectiveness of saline flushing before deflation of the tourniquet. During the procedure a total dose of 70 ml of 0.5%prilocaine was used, which included an increment of 15 ml given 20 min before the completionof surgery. Beforedeflation ofany ofthe cuffs at the end of surgery, two venous samples of 10 ml were aspirated followed by three flushes with 10 ml volumes of physiologicalsaline. The results are shown in Table l .lfwe assume that 35 ml of fluid remained in the veins of the intercuff segment after allowing for absorption into the tissues, there was a possibility of releasing just over 35 mg of prilocaine into the general circulation at the end of surgery. It is clear that the simple procedure of aspiration made feasible by the extra tourniquet greatly reduced this risk; and the saline flushing reduced the risk even further. excess retrograde venous pressure and no direct hypersensitivity reaction to the local anaesthetic agent by tissues in the operation site in those rare patients who prove sensitive to modern amide local anaesthetics. In short, conditions are ideal for delicate hand surgery.
The following report illustrates the use of ICB to facilitate surgery on the wrist in the zone of indirect local anaesthesia. able to identify two further advantages of ICB. First, exploitation of Bier's "indirect" local anaesthesia in the extremity below the distal cuff can provide exceptionally good operating conditions for delicate surgery on the hand. Second, the usual manoeuvre in ICB of deflating the distal tourniquet before the proximal one is itself a safety precaution because the venous contents from the inter-tourniquet zone drain into the empty veins of the extremity. This clinical 'safety shunt' exposes any unfixed local anaesthetic agent to the binding capacity of the plasma dregs and tissues in the extremity which have not previously been in contact with the drug. Provided sufficient time is allowed the extremity can be relied upon to mop up any unfixed local anaesthetic agent remaining after aspiration and flushing before restoring the limb to the general circulation. Validation of this clinical 'safety shunt' would make an interesting pharmacokinetic study.
In the current method of IVRA popularized by Holmes, it is noteworthy that the anaesthesia begins in the digits and progresses proximally. It is widely assumed that this is the direct effect of the local anaesthetic agent on the nerve endings in the digits because the solution is injected nearby into a vein on the dorsum of the hand or foot. The subsequent proximal spread of anaesthesia is then considered to reflect the advance of the drug up the veins in the limb, progressively affecting the larger nerves. I find that anaesthesia in the extremity during ICB also begins in the digits and spreads proximally.
There must be another explanation for this centripetal progression of anaesthesia in the extremity during ICB because the anaesthetic solution only comes into contact with nerve trunks within the inter-tourniquet zone. The answer is provided by Raj et al who conclude from volunteer studies that the principal site of action of the local anaesthetic agent during IVRA in the upper limb is on the nerve bundles just below the tourniquet, towards which the solution quickly and preferentially flows after injection into a vein on the back of the hand. They point out that the nerves near the elbow (especially the median and ulnar nerves) are known to be closely accompanied by veins, tributaries of which mainly run through the core of each nerve trunk. Since nerve trunks are constructed with fibres from the periphery nearest the centre, they suggest that local anaesthetic solution reaching the nerves through the veins would be expected to affect the nerve fibres from the fingers first. My findings lend support to their views about the main site of action of the local anaesthetic agent and about the mechanism of the centripetal spread of the anaesthetic effect.
The natural conclusion must be that any manoeuvre which especially serves to guide the local anaesthetic solution into the veins accompanying the nerve trunks near the elbow or knee should increase the likelihood of a successful block. Is there any better way of exploiting the intimate vascular supply of the nerve bundles at the elbow or knee than by the use of an extra tourniquet in a modern version of the original Bier block?
